R marks 

The specification of Patent '561 discloses a broad range of thickness for 

the protective layer (or for each individual protective layer). 
Column 8, lines 27 to 31 , of Patent '561 states: 
" The individual protective layers are typically 1 nm thick, preferably from 
40 to 200 nm thick and exhibit in particular a thickness which is a fraction 
e.g. A/2 or A/4 of the wavelength of the radiation to be reflected ." 
[Emphasis supplied] 

The thickness of the protective layer can be A/2 or A/4 of the wavelength of the 

radiation. 

Column 8, lines 52 to 56, of Patent '561 states: 

" The reflective layer c) on the reflector body via layer b) serves in 
particular to reflect energy in the form of waves and/or particles, usefully 
for reflecting radiation having wave lengths in the optical range, preferably 
visible light, in particular that having wave lengths of 400 to 750 nm ." 
[Emphasis Supplied] 
Therefore, an example of the thickness of the protective layer is 375 nm, i.e., A/2 
= 750 nm/2. Note that a thickness of 375 nm is larger than 200 nm, the upper 
value of the preferred thickness range. 

Patent '561 discloses reflection of "energy in the form of waves". 
Needless to say, such disclosure covers all of the types of encompassed 
radiation or energy in wave form, and their ranges of wave length. The types of 
energy in the form of waves and their ranges of wave length are in the literature 



3 



and known to one skilled in the art. The wave lengths at the lower and higher 

points of such ranges supply further examples, by means of A/2 and A/4 

calculation, of the disclosed thickness of the protective layer. 

The specification of Patent '561 provides further examples of the thickness 

of the protective layer, namely, 1 nm, 40 nm, 200 nm, 100 nm, (i.e., 400/4), 200 

nm (i.e., 400/2) and 187.5 nm (i.e., 750/4). 
Patent '561 further states: 

"The reflectors according to the invention having surfaces that bear 
such a reflective layer or multilayer system exhibit excellent reflectivity for 
example of electromagnetic radiation, especially electromagnetic radiation 
in the visible light range. The optical range includes e.g. infra-red range, 
the visible light range, ultra violet etc. The preferred range for application 
is that of electromagnetic radiation and thereby the visible light range. " 
[Emphasis Supplied] [Col. 9, lines 24 to 31] 

The radiation to be reflected includes electromagnetic radiation with some 

emphasis on the "optical range", that includes infrared light, visible light and ultra 

violet light. Patent '561 states: 

"The present invention includes also the use of reflectors having a 
surface resistant to mechanical and chemical attack and high total 
reflectivity for the reflection of radiation in the optical range i.e. daylight 
and artificial light, thermal radiation, visible light, ultra violet light etc. Of 
particular importance is the use of reflectors for reflecting visible light in 
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particular daylight or artificial light, including UV light ." [Emphasis 
Supplied] [Col. 10, lines 5 to 12] 

Thermal radiation wave lengths come within the wave length range of the optical 

range. Patent '561 states: 

"Layers a) produced this way can be produced with a precisely 
prescribed layer thickness, pore-free, homogenous, and with regard to the 
electromagnetic radiation, transparent, in particular in the visible and/or 
infra-red range ." [Emphasis Supplied] [Col. 4, lines 63 to 67] 
Patent '561 states: 

"The metallic reflective layer (13), or layer system comprising metal 
reflecting layer (17) and protective layers (16), is deposited on the 
functional layer (12). A ray of light (15) penetrates the transparent 
protective layers (16), which are sketched in here and are in particular 
transparent, and is reflected by the metal reflecting layer (17)." [Emphasis 
Supplied] [Col. 10, lines 35 to 40] 

"For that reason the reflectors according to the invention are suitable e.g. 
as reflectors such as those for radiation sources or optical equipment. 
Such radiation sources are e.g. lights such as work-place lights, primary 
lights, secondary lights, strip lights with transvers reflectors, light 
elements, lighting covers, light deflecting fins or thermal radiators . The 
reflectors may also e.g. be mirrors or internal mirrors in optical equipment, 
lighting components or thermal radiators ." [Emphasis Supplied] [Col. 10, 
lines 34 to 42] 
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Infrared light has a range of wave length of 780 to 300,000 nm. 
Encyclopedia Britannica, Micropaedia, Vol. V, (1974), page 353, (copy enclosed), 
states: 

" infrared light , that portion of the electromagnetic spectrum 
adjacent to the long wave length, or red end of the visible light 
range . . . The infrared range is usually divided into three regions: near 
infrared (nearest the visible spectrum), with wavelengths 0.78 to 5.0 
microns (a micron, or micrometre, is 10' 6 metre); middle infrared, with 
wavelengths 3 to 30 microns : and far infrared, with wavelengths 30 to 300 
microns . Most of the radiation emitted by a moderately heated surface is 
infrared light; it forms a continuous spectrum." [Emphasis Supplied] 

Therefore, examples of the thickness of the protective layer are 1 ,500 nm (i.e., 

3,000/2), 750 nm (i.e., 3,000/4), 15,000 nm (i.e., 30,000/2), 7.5000 nm (i.e. 

30,000/4), 150,000 nm (i.e., 300,000/2), and 75,000 nm (i.e., 300,000/4). 

Ultraviolet light has a range of wavelength of 10 to 380 nm. Encyclopedia 

Britannica, Micropaedia, Vol. X, (1974), page 247, (copy enclosed), states: 
" ultraviolet light that portion of the electromagnetic spectrum 
adjacent to the short wavelength, or violet end of the visible light range. 
... The ultraviolet spectrum is usually divided into two regions: near 
ultraviolet (nearer the visible spectrum), with wavelengths 2000 to 3800 
angstrom units (one angstrom is 10" 10 metre, or 0.1 nanometre): and far 
ultraviolet, with wavelengths 100 to 2000 angstrom units. " [Emphasis 
Supplied] 
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Therefore, examples of the thickness of the protective layer are 2.5 nm (i.e., 
10/4), 5 nm (i.e., 10/2), 100 nm (i.e., 200/2) and 50 nm (i.e., 200/4). 

One skilled in the art would consider the numerical range of 1 nm to 
150,000 nm for the thickness of the individual protective layers to be inherently 
supported by applicants' original disclosure. MPEP 2163.05 states: 
"III. RANGE LIMITATIONS" 

"With respect to changing numerical range limitations, the analysis 
must take into account which ranges one skilled in the art would consider 
inherently supported by the discussion in the original disclosure. In the 
decision in In re Wertheim, 541 F2d 257, 191 USPQ 90 (CCPA 1976), the 
ranges described in the original specification included a a range of '25% - 
60%' and specific examples of '36%' and '50%.' A corresponding new 
claim limitation to 'at least 35%' did not meet the description requirement 
because the phrase 'at least' had no upper limit and caused the claim to 
read literally on embodiments outside the '25% to 60%' range, however a 
limitation to 'between 35% and 60%' did meet the description 
requirement." 

Entry of the amendment is requested as the finality of the Office Action is 
premature, as shown above. 

The amendment filed on July 2, 2002 has been objected to under 35 
U.S.C. 132 because it introduces new matter into the disclosure. Applicants 
traverse this objection. 
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The preliminary amendment was mailed by certificate of mailing dated 
June 26, 2002, which is therefore the date it was timely filed in the Patent Office, 
See Rule 8. The actual date received by the patent Office was apparently July 2, 
2002. Applicants will use the latter date for conformity of reference (as per Rule 
8). 

The Office Action stated 35 U.S.C. 132 states that no amendment shall 
introduce new matter into the disclosure of the invention. New matter has not 
been inserted by amendment, as shown previously and below. 

Nothing was amended by the preliminary amendment filed on July 2, 
2002, so this objection is in error. Therefore, the Examiner has prematurely gone 
final. Applicants request that the final status of the Office Action be withdrawn 
and that a new nonfinal Office Action be issued (if the application is not allowed). 

The Examiner has objected to the wrong amendment. The amendment 
that amended the specification is the one made at the time the reissue 
application was filed (i.e., July 5, 2001) by physically incorporating the change 
into the specification. 37 CFR 1 .173 (b) states: 

"(b) Making amendments in a reissue application. An amendment 
in a reissue application is made either by physically incorporating the 
changes into the specification when the application is filed , or by a 
separate amendment paper. If amendment is made by incorproaton, 
markings pursuant to paragraph (d) of this section must be used. If 
amendment is made by an amendment paper, the paper must direct that 
specified changed be made." [Emphasis Supplied] 
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The Office Action stated: that, in reference to the objection of the 
amendment filed on July 2, 2002 under 35 U.S.C. 132, because it introduced 
new matter in the disclosure, applicants argue that the Preliminary Amendment 
dated July 2, 2002 (not as dated June 26, 2002 which appears to be in error) did 
not amend anything but instead set out the basis for the amendment in the 
specification when the reissue application was filed; and that on this ground 
alone this objection is in error. Applicants traverse this statement and refer to 
Rule 173(b). While applicants disagree with the ground of the objection, 
applicants point out that the objection should have been to the amendment to the 
specification at the time the reissue application was filed. The present objection 
to the preliminary amendment, filed on July 2, 2002, is defective because the 
preliminary amendment did not amend anything. 

The date of the preliminary amendment was June 26, 2002 because that 
is the date of the certificate of mailing - the date of July 2, 2002 is the date it was 
filed via the fiat of the second sentence of Rule 8. 

The Office Action stated: that the Examiner agrees with applicants that the 
Preliminary Amendment filed on July 2, 2002 did not amend the specification; 
that, however, there is no amendment in the file to show when and how the 
specification was amended; and that, if the Preliminary Amendment filed on July 
2, 2002 did not amend the specification, the applications should provide when 
and how the specification was amended. The specification of the reissue 
application was amended on the date (i.e., July 5, 2001) that the reissue 
application was filed and that, pursuant to Rule 173(b), the specification was 
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made by physically incorporating the change into the specification when the 
reissue application was filed. The language of Rule 173(b) provides the basis for 
identifying the amendment under discussion. 

The Office Action stated that the added material which is not supported by 
the original disclosure is as follows: column 8, lines 28, changing the phrase 
"protective layers are typically 1 nm thick" to the phrase - protective layers are 
typically from 1 nm thick - introduces new matter because the addition of the 
word "from" to the phrase allows the thickness range of the protective layers to 
open ended while the original phrase limits to "1 nm thick protective layers." 
Applicants traverse this statement because new matter is not involved. 

Dependent Claim 12 in U.S. Patent No. 5,919,561 (Patent '591) states: 
"12. The reflector according to claim 1 , wherein the reflective layer 

(c) is a multilayer system comprising a reflecting layer and 

deposited on that transparent protective layers with different refractive 

indices." [Emphasis supplied] 
Dependent Claim 12 does not recite any thickness or thickness range for the 
transparent protective layer or layers. The thickness of the transparent protective 
layer in dependent claim 12 is "open ended" in both directions. This shows that 
the disclosure of Patent '591 teaches that the upper side of the thickness (range) 
of the transparent protective layer can be so-called "open ended". It would be 
obvious to one skilled in the art that the recitation "typically 1 nm thick" was an 
error and illogical when the transparent protective layer was "preferably from 40 
to 200 nm thick". One skilled in the art would not typically use a one nm 
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thickness when the preferred thickness is from 40 to 200 nm (the preferred 
thickness being at least 40 fold greater than the typical thickness). It is illogical 
and against the practice in the packaging/material/chemical fields and the patent 
filed to have the typical thickness being a single point value that is very far 
outside of the preferred range and does not cover the preferred range. The 
practice in the art is for the general/typical range to encompass the preferred 
range. One skilled in the art would readily ascertain the obvious error, and would 
readily see that the open endedness in dependent Claim 12 provided for the 
correction of the error (and remove the illogic situation caused by the subject 
error). The rule in In re Oda et al. is thereby followed and complied with by 
correcting the error to recite "typically more than 1 nm thick". The disclosure of 
Patent '591 directs the correction of the subject error caused by the translation 
error. 

Dependent Claim 13 in Patent '591 states: 

"13. The reflector according to claim 1 , wherein the reflective layer 
(c) is a multilayer system comprising a reflecting layer and deposited 
thereon transparent protective layers with different refractive indices, the 
reflective layer being 10 to 200 nm thick and each of the transparent 
protective layers being 40 to 200 nm thick .'TEmphasis supplied] 
This is the preferred thickness range. It is clearly illogical to one skilled in the art 
that the typical thickness (range) would not encompass the preferred thickness 
(range). 
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The pattern of the recitation of the thickness of the transparent protective 
layer in column 8 of Patent '591 also supports the amendment as not being new 
matter. Column 8, lines 28 and 29, recites "... are typically [?] 1 nm thick, 
preferably from 40 to 200 nm thick..." [Emphasis supplied] That sentence also 
evidences that its structure would be missing the word "from" the typical 
thickness range recitation (which is in line with the open endedness of dependent 
Claim 12). 

The pattern used by the other thickness ranges in Patent '561 has the 
preferred or advantageous thickness ranges within the span or scope of the 
general or typical thickness ranges - see column 2, lines 64 to 66, (reflector 
bodies), column 3, lines 19 to 34, (pre-treatment layer), column 5, lines 50 to 59, 
(aluminum oxide layer), and column 9, lines 13 to 15, (oxide-containing bonding 
layer). 

Roman Fuchs is one of the joint inventors in U.S. Patent No. 5,919,561 
(the patent for which this reissue application was filed). Column 1 , lines 34 to 
46, of Patent '561 discusses the disclosure of European Published Application 
No. 0495755 A1 (European 755). Roman Fuchs is also one of the joint 
inventors in European 755. The publication date of European 755 is in July 
1992. 

The discussion of European 755 in Patent '561 discloses objects having 
an aluminum surface, upon which is sequentially located a bonding layer (e.g., a 
ceramic layer), a light-reflecting layer (e.g., a metallic layer, e.g., aluminum), and 
"one or more transparent protective layers of metallic compounds". 
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European 755 is based upon Swiss Patent Application No. 68/91 (filed on 
January 1, 1991). U.S. Patent No. 5,403,657 (Patent '657), 5,527,572 and 
5,663,001 each claim the priority of Swiss Patent Application No, 68/91 and each 
has the effective U.S. filing date of December 23, 1991 . The first two mentioned 
U.S. patents have publication dates before applicants 1 U.S. filing and Swiss 
priority filing dates. Roman Fuchs is one of the joint inventors in all three of such 
U.S. patents. 

All three of such U.S. patents have the same disclosure as that of 
European 755 of objects having an aluminum surface, upon which is 
sequentially located an optional adhesive layer (e.g., a metallic layer), and at 
least one transparent protective layer (e.g., of various metallic compounds). The 
following discussion of Patents '657 equally applies to the other two of such U.S. 
patents. 

Column 3, lines 44 and 45 , of Patent '657 states: 

"The individual layers are typically 1 to 200 nm, preferably 1 to 100 
nm thick." 

One skilled in the art and joint inventor Roman Fuchs use typical thickness 
ranges that span or encompass preferred thickness ranges. It is illogical 
otherwise and would indicate an obvious error to one skilled in the art. 

A copy of U.S. Patent Nos. 5,403,657, 5,527,572 and 5,663,001 and 
European Published Patent Application No. 0495755 A1 was earlier supplied. 
The knowledge possessed by one skilled in the art can be established by 
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reference to patents available to the public before applicants' filing date - see In 
re Lange (that involved a new matter issue). 

The Office Action stated that applicants are required to cancel the new 
matter in the reply to this Office Action. Applicants traverse this requirements 
because no new matter is involved. 

This objection should be withdrawn. 

Claims 1 to 15 have been rejected under 35 U.S.C. 251 as being based 
upon new matter added to the patent for which reissue is sought. Applicants 
traverse this rejection and have shown herein that new matter is not involved. 

The Office Action stated that the added material which is not supported by 
prior patent is as follows: 

Column 8, lines 28, changing the phrase "protective layers are typically 1 
mn thick" to the phrase - protective layers are typically from 1 nm thick - 
introduces new matter because the addition of the word "from" to the phrase 
allows the thickness range of the protective layers to be open ended while the 
original phrase limits to "1 nm thick protective layers". 
Applicants traverse this statement. The added material is supported by the 
disclosure of Patent '591 and the knowledge of one skilled in the art. In re Oda 
et al. and In re Lange support applicants' position that new matter is not involved. 
The Examiner's position is clearly in error and unsupported by the evidence. 

The applicants' discussion and evidence above under the objection are 
incorporated here so as not to be redundant. 
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The Office Action stated: that, in reference to the new matter rejection, 
applicants points to the C.C.P.A., In re Lange, 644 F.2d 856, and In re Oda et al., 
170 USPQ 268 (C.C.P.A. 1971), and argue that the dependent Claim 12 does 
not recite any thickness or thickness range for the transparent protective layer or 
layers; that the thickness of the transparent protective layer in dependent Claim 
12 is "open ended" in both directions; that this shows that the disclosure of U.S. 
Patent No. 5,919,561 teaches that the upper side of the thickness (range) of the 
transparent protective layer can be so-called "open-ended"; that it would be 
obvious to one skilled in the art that the recitation "typically 1 nm thick" was an 
error and illogical when the transparent protective layer was "preferably from 40 
to 200 nm thick", that one skilled in the art would not typically use a one nm 
thickness when the preferred thickness is from 40 to 200 nm; that applicants also 
points to U.S. Nos. Patents 5,403,657, 5,527,572 and 5,663,001 wherein one of 
joint inventors Roman Fuchs of this Patent No. 5,919,561 is also a joint inventor 
and these patents disclose individual layers are typically 1 to 200 nm, preferably 
1 to 100 nm thick, and that, thus, one skilled in the art and joint inventor Roman 
Fuchs use typical thickness ranges that span or encompass preferred thickness 
range. Applicants' points and positions are correct and show that no new matter 
is involved. 

The Office Action stated: that these arguments are unpersuasive because 
the recited cases are related to the typographical errors, which are different that 
in the instant case. Applicants traverse this statement. The cases relied upon by 
applicants are apropos to the issues at bar. The Preliminary Amendment 
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presented analysis and evidence that one skilled in the art would appreciate that 
the error was present, what the error was and how to correct it - this meets the 
requirements of In re Oda et al. so the amendment did not involve new matter. 
Applicants have herein, and in the 3/12/03 amendment, presented further 
reasons and evidence to show that new matter is not involved. Applicants have 
complied with the requirements of In re Oda et al. and In re Lange to show by 
reasons and evidence that new matter is not involved. Furthermore, under the 
circumstances of the case at bar the Board Ex parte Boudious decision is not 
controlling or even apropos. The later decisions of In re Oda et al. and In re 
Lange of the C.C.P.A. are the controlling and apropos decisions. 

The Office Action stated that, in Claim 12, the thickness of the protective 
layer is not recited and therefore it is open ended argument is unpersuasive 
because, when thickness is not recited in the claim, one skilled in the art would 
use the disclosure as a dictionary to find thickness. This statement is partially 
incorrect. One skilled in the art, when looking at Claim 12, would be guided by 
the disclosure to look for the thickness, including the extremes of the thickness 
range, that provide operable results, process, product, etc., and that fulfill the 
objects and purposes of the claimed invention. Applicants have above shown 
disclosure support for range and many examples. The Examiner's statement is 
incorrect in law and fact. 

The Office Action stated that, in the instant case, the protective layer(s) 
can be either 1 nm thick or from 40 to 200 nm thick. Applicants traverse this 
statement in view of the examples shown above. 
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The Office Acton stated that there is no evidence showing that the 
thickness of the protective layer can be higher than 200 nm, that are 
encompassed by the open-ended limitation. Applciants traverse this statement 
and have shown above that the evidence shows larger thickness. 

The Office Action stated that, further, there is no affidavit of fact b an 
expert providing showing that the thickness of the protective layer can be open- 
ended. This statement is not pertinent. The inherent examples show a thickness 
of 150,000 nm, etc. No expert declaration is necessary as applicants' disclosure 
shows and supports the claims and the amendments to the specification. 

The Examiner has misanalyzed the In re Oda et al. decision and 
incorrectly attempted to limit in re Oda et al. to its particular set of facts. In re 
Oda et al. expressly sets out the broad principals and procedures for determining 
if any particular amendment does or does not constitute new matter. Specifically, 
In re Oda et al. states: 

" On all the evidence, we conclude that one skilled in the art would 

appreciate not only the existence of error in the specification but what the 

error is. As a corollary, it follows that it is also known how to correct it. 

We therefore disagree with the board's first conclusion that the change of 

'nitrous' to 'nitric' is 'new matter.'" 

"We also think there is adequate evidence in the record to show 

that the error in saying 'nitrous' instead of 'nitric' was a translation error." 

[Emphasis supplied] [Page 272] 

In re Oda et al. dealt with a translation error and set out the principles and 



17 



procedures of how to determine whether or not new matter was present. The 
Examiner has not followed the analysis, principles, etc., required by In re Oda et 
al. (and In re Lange). The present objection and rejection are defective. For 
example, the Examiner did not deal with or mention the following from the 
Preliminary Amendment: 

"The error was that the translator left the word 'from' out of the 
phrase 'are typically from 1 nm thick, preferably from 40 to 200 nm thick' 
(in German). One skilled in the art would know that an error was present 
in the phrase 'are typically 1 nm thick, preferably from 40 to 200 nm thick/. 
That is, it appears to be an error to say that the (each) transparent 
protective layer typically has a thickness of 1 nm when the preferred 
thickness range is from 40 to 200 nm. Note that Claim 12 does not 
contain any thickness value or range for any of the transparent protective 
layers of reflective layer (c). [Emphasis supplied] [Page 1 and 2] 
The Examiner's attention is also drawn to the following: 
M.P.E.P. 2163 states: 

"While there is no in haec verba reguirement newly added claim 
limitations must be supported in the specification through express, 
implicit, or inherent disclosure. An amendment to correct an obvious error 
does not constitute new matter where one skilled in the art would not only 
recognize the existence of the error in the specification, but also recognize 
the appropriate correction. In re Oda, 443 F.2d 1200, 170 USPQ 268 
(CCPA1971) ." [Emphasis Supplied] 
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This summarization of In re Oda et al. is incorrect because In re Oda et al. states: 
"As a corollary, it follows that when the nature of this error is known it is 
also known how to correct it. " [Emphasis supplied] [Page 272] 
MP.E.P. 2163.05 states: 

"With respect to changing numerical range limitations, the analysis 
must take into account which ranges one skilled in the art would consider 
inherently supported by the discussion in the original disclosure." 
The Examiner has erroneously, without any justification, attempted to 
restrict the application of In Re Oda et al. to the specific or type of fact situation 
involved in In Re Oda et al. As applications have shown above, In re Oda et al. 
is not so restricted. In re Oda et al. sets out broad principles and procedures to 
be used in determining whether or not new matter is involved. In re Oda et al. is 
not limited to its specific facts or factual type of situation. Furthermore, In re 
Lange stated that one skilled in the art and such person's knowledge (as shown, 
for example, by prior patents) had to be considered and examined in determining 
if new matter was or was not present. 

This reissue application seeks to reissue U.S. Patent No. 5,919,561 to 
correct an error which resulted from the translation into English of the German 
language priority Swiss patent application. The translator erroneously did not 
translate the German word "von" so the English translation comprising the U.S. 
application underlying U.S. Patent No. 5,919,561 left out the English word "from." 
The details are set out in the reissue application declaration (and supplemental 
declaration) and the declaration of the translator, both of record. 
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The mistranslation sought to be corrected does not involve any claim or 
claim limitation or any preferred range. The error in the specification was that the 
translator left the word "from" out of the phrase "are typically from 1 nm thick, 
preferably from 40 to 200 nm thick" (in German). One skilled in the art would 
know that an error was present in the phrase "are typically 1 nm thick, preferably 
from 40 to 200 nm thick." That is, it appears to be an error to say that the (each) 
transparent protective layer typically has a thickness of 1 nm when the preferred 
thickness range is from 40 to 200 nm. Note that Claim 12 does not contain any 
thickness value or range for any of the transparent protective layers of reflective 
layer . 

In the case of In re Oda et al., 170 USPQ 268, (C.C.P.A. 1971), 
mistranslations were made in preparing the U.S. application in English from 
corresponding Japanese applications. The patentees in such instance filed a 
reissue application to correct the U.S. patent. The C.C.P.A. ruled that correction 
of such mistranslation was not "new matter" and allowed the compound claims of 
the reissue application. The translator's error in the case a bar is clearly 
analogous and comes within the In Re Oda et al. doctrine. There is more than 
adequate and convincing evidence in the record to show that no new matter is 
involved. 

This rejection should be withdrawn. 
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Reconsideration, reexamination and allowance are requested. 

Respectfully submitted, 
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Radha Soamis of Beas 374 



ship, for they believe that the enjoyment of 
the sound would detract from the meaning of 
the words of the hymns. \ 

Radha Soamis of Beas: see Radha Soami 
Satsang. 

Radha- Vailabhls, a small Hindu sect found- 
ed by Harivamsa in the 16th century that 
stressed the worship of Radha, regarded as 
the wife of Lord Krsna (.Krishna). The sect 
originated in Vrndavana, near Mathura, the 
scene of Krsna and Radha's legendary ex- 
ploits, and the chief temples of the cult are 
sull located there. In employing the symbol- 
ism of the divine lovers, the sect conceived of 
Krsna as Lord, and Radha as the human soul. 
One of the forms of worship was to imperson- 
ate in dress and behaviour the female Radha 
as a way of experiencing the longing of the hu- 
man soul for God. 

RadI, ar- (reigned 934-940), Muslim ( Abba- 
sid caliph. 

-decline of caliphal power 3:638h 

radial artery, artery in the arm associated 
with the radius. 

human cardiovascular system anatomy 3: S82f 

radial curve, in mathematics, if through a 
fixed point rectilinear segments are drawn 
equal and parallel to the radius of curvature 
of a variable point of a given curve C, the 
locus of the end points of those segments is 
ihe radial curve R of C. 
•analytic geometry fundamentals 7.1093a 

radial tip seal, an oil or shaft seal, probably 

the most commonly used. 

■design and construction U:255e; illus. 

radial nerve, ner/e in the arm associated 
with the radius. 

•anatomic relationships and functions 12: 1023e 

radial symmetry, in biology, arrangement of 
similar parts of the body in circular fashion 
around a central axis, as in starfishes, sea ur- 
chins, sea anemones, coral polyps, and jelly- 
fishes, ail animals of a more or less attached 
existence, at least in some stage of their life cy- 
cle. 

-tchinoderm evolution and body form 6: 181 g 
-Metazoan body plan evolution 14: 33 Id 

radial vein, vein in the arm associated with 
the radius. 

■human cardiovascular system anatomy 3:383h 

radial velocity, in astronomy, the relative 
motion of a celestial body in the line of sight 
toward or away from an observer. Radial 
velocity can be measured because light emit- 
ted or reflected from a moving body is shifted 
in wavelength (and colour) by the Doppler 
effect; i.e., a star moving away from the ob- 
server will appear to him to be redder than if 
the star and the observer were motionless 
relative :o each other. Conversely, if the star 
and observer arc moving closer together, the 
starlight will appear bluer; i.e.. shifted to 
longer wavelengths. Differences in radial 
velocity measured at the opposite edges 
i limbs) of a body, such as the Sun or a planet, 
can reveal how fast it is rotating. Velocities in 
the iine of sight are measured for planets, 
stars, nebulae, galaxies, quasi-stellar objects 
—in fact, tor any type of object for which a 
spectrum with recognizable lines can be ob- 
tained. 

radar Jetection ol* moving target 15:373b 
spectroscopic determination method 2:236g 
■*iar cluster motion anu orbit I7:6ubc 

•iicikir motion determination 17: 587a; tllus. 

Radiance of the King, The U956), transla- 
tion of L£ regard du sot (1954), novel by 
Cumara Laye. 

'.heme and Kafka comparison l:239f 

radian measure, in geometry, is, together 
with degree measurement, one of the two 



mmon ways of measuring angles and is the 
!e preferred in both mathematics and phys- 
. The radian measure of an angle is defined 
to be the length of the arc of a circle of radius 
one with centre at the vertex inscribed b> the 
angle. An angle of 180 degrees is the sarre as 
an angle of (pi) t radians, 
•dimensional analysis theory 14:422b 
mathematical calculation theory and 

use ll:675g 
•trigonometry principles and 
development 7:1082b 

radiant, in astronomy, the apparent point of 
origin of celestial bodies (stars in a cluster, or 
meteors in a shower) moving toward the ob- 
server along parallel paths. Perspective causes 
the parallel paths to appear to originate at a 
point, as the parallel lines of a railroad track 
or highway may appear to meet at the hori- 
zon. Stars in a cluster, moving away from 
Earth on parallel courses, appear because of 
perspective to be moving toward a convergent 
point. 

radiant energy, energy that is transferred by 
electromagnetic radiation, such as light. X- 
rays, gamma rays, and thermal radiation, 
which may be described in terms of either dis- 
crete packets of energy, called photon*;, or 
continuous electromagnetic waves. The con- 
servation of energy law requires that the radi- 
ant energy absorbed or emitted by a system be 
included in the total energy, 
•astronomical photometry 
measurements 14:349c 
■disease causation and symptoms 5:853h 
•electromagnetic wave properties 6:644h 
•spectra emission principles I7:457d 

radiant heating, raising the temperature of a 
space by admission of infrared energy, usually 
supplied by panels mounted in the floor, 
walls, or ceiling, and heated electrically or by 
circulating steam, hot air, or hot water. The 
effectiveness of radiant heating does no" de- 
pend on efficient circulation of air or cirect 
contact with the heat source, 
•building heating design 3:465f 
•central heating technology 8:7l8g 
■human comfort factors 8:71 lh 

Radiata, in former biological classifications, 
a major category of invertebrates including 
forms having the parts arranged radially 
about an axis. 

■echinoderm and coelenterate 
groupings 6:178a 

radiation, either the process of emitting elec- 
tromagnetic energy (heat, light, gamma rays, 
X-rays, etc.), subatomic panicles (electrons, 
neutrons, protons, alpha particles, etc.), or 
the energy or particles thus emitted. Certain 
forms of radiation, particularly gamma rays, 
protons, and alpha particles, cause ionization 
in substances that they strike, and terms such 
as radiation chemistry, radiation, biology, 
radiation pathology, and radiauon physics re- 
fer to the study of the effects of these ioniza- 
tions upon chemical substances, living matter, 
disease processes, and physical systems, 
■air pollution and climatic effect 5:50b 

• atmospheric science principles 2:321c 
Bragg's study of rays dual property 3: 102h 

- classifications and characteristics 15: 399b 
■cosmolugical explanation of background 

levels 18: lOOSd 
•electromagnetic wave properties 6:044h 

energy transport phenomena 18:676g 
■environmental levels and iources 14:756s 

dacier development variables 9:176a 
•lake surface emission 10:607e 

• iung damage cancer therapy IS: 776a 
•Morcun. atmosphere, mass, and heat 

;u;dy 1 1 :9l oe passim 10 l »2le 
• ;r:gin and universal presence 9:796h 
quasar composition and energy lS:329e 

■lubber vulcanization application 15:1 182d 

•sea water heat (low 13:49 1 h 

- stellar conditions and energy 

transport l7:598d 

radiation, biological effects of 15:3711, the 
action of various forms of electromagnetic 



li|^fet and subatomic particles <>n : 

text article covers: 

Deriniiions and concepts t5:378f 

Mode of action 379b 

General biological effects 379h 

Radiation and human health 382h 

references in other text articles: 
actimde's physiological effects I:c"c 
■aerospace flight exposure and results i 

• aging effects of ionizing radiauon I : .'•» * -. 
•air pollution management needs 5::i>r 
•bactericidal applications 2:573a 
bacteriophage lysis induction 7:987a 
•Becquerel notation of radium effects -:"•'. 
Bikini nuclear tests and problems 
■ blood vessel damage 3:899c 
•bone disease from radium ingestion 3:.:c 
■cancer therapy phenomena 3:769e 
•chromosome condensation in mitosis 3: !■■:": 
•disease control and disinfection 9:54"; 
•disease symptoms and causation 5:.S5. ; -: 
earliest life habitats and protection *::5"; 
•environmental radiation levels 14: "55: 
•exposure and death time of cell, iiiuv !5 * 
-extinction problem of paleontology 
•food preservation technology 7:495a 
■gene duplication studies 7:995f 
•gene mutation induction 7:983g 
•genetic changes and consequences m 

man 7:1005c 
-hibernation-related resistance 5:965* 
•human comfort factors 8:7Uh 
■industrial hazard prevention 16:143c 
ionization of cancerous cells 15:454^ 
ionizing radiation as cause of 

leukemia 2:1140f 
-life forms determined by adaptability of 

organisms I0:898f 
mutagenic sources and effects 12:755b 

• noble gas reduction of radiation 

sensitivity 13:1 39g 
polycythemia treatment with 

phosphorus 2:U39e 
•radioactive fallout ingestion hazards 15:-::. 

table 2439 
■radiological tissue damage 15:458c 
•rain forest strata environments 10:343a 
•rhythmic variation and susceptibility !4:r;?h 
•spaceship's radiauon, ions, and 

diseases 10:917a 
•sterilization for pest control I4:l45h 
•strontium rays and bone cancer I:594d 
•therapeutic techniques for cancer 18: i'&z 

• thyroid disorder treatment 6:822d 
-U.S. space flight reactions 1:147b 
•viral lytic infection induction 19:167c 
•X-ray radiation effects on newborn 1 1 :3"c 
related entries in the Ready Reference <;.•:; 
Index: 

pho tod yn amis m; photorecovery; tar^ci :::r'.r 

radiation, thermal, the process by *h::h 
ergy, in the form of electromagnetic radia:: 
is emitted by a heated surface in all dire:::* 
and travels directly to its point of ab>o: ; v. 
at the speed of light; thermal radiii'liv 
not require an intervening medium i>. c-*: 
The thermal radiation ranges in •*•:■.■...*:■:■■ 
from the longest infrared rays through r.z 
ible light spectrum to the shortest .i/.rti..-: 
rays. The intensity and distribution ■;:' r^. 
energy within this range is goverr.ec *:;. 
temperature of the emitting surface. TIvj ■ 
radiant heat energy emitted by a ^r:":-., 
varies as the fourth power of its ubso.;;:-; . 
perature 7* (the Stefan-Boltimar.r. ■;:*■ 
The rate at which a body radial— 
sorbs) heat energy depends upon ::vj :ia;.- 
the surface as well. Objects that ar-j 3 
emitters are also good absor;.-r*. 
Kirchorfs radiauon law). A blacker*.: 
is an excellent emitter as well ab .;n ;\.:. 
absorber. If the same surface :s ,!.-'::;. 
becomes a poor emitter and a poo- 
A black body [q.v.) is one that .i:)v,:"-. .. 
radiant -energy :hat fails on it. Sen : ■*;■ 
absorber would also be a perfec. j:r. :*.'_•; 
The heating of the Earth by :he S-:' •. 
ample of transfer of heat by r;ic;a:x::. 
heating of a room by an open-iiearr:- 
is another example. The rlames. coa^. ar.-. 
bricks radiate heat directly :o the -y^: 
the room with little of -his heat '■«::."■; 



common ways of measuring angles and is the 
one preferred in both mathematics and phys- 
ics. The radian measure of an angle is defined 
to be the length of the axp of a circle of radius 
one with centre at the vertex inscribed by the 
angle. An angle of 1 80 degrees is the same as 
an angle of (pi) rr radians, 
-dimensional analysis theory 14; 422b 

mathematical calculation theory and 
use U:675g . 

:ngonometry principles and 
development 7:1082b 

radiant, in astronomy, the apparent point of 
origin of celestial bodies (stars in a cluster, or 
meteors in a shower) moving toward the ob- 
server along parallel paths. Perspective causes 
the parallel paths to appear to originate at a 
point, as the parallel lines of a railroad track 
or highway may appear to meet at the hori- 
zon. Stars in a cluster, moving away from 
Earth on parallel courses, appear because of 
perspective to be moving toward a convergent 
point. 

radiant energy, energy that is transferred by 
electromagnetic radiauon, such as light, X- 
rays, gamma rays, and thermal radiauon, 
which may be described in terms of either dis- 
crete packets of energy, called photons, or 
continuous electromagnetic waves. The con- 
servation of energy law requires that the radi- 
ant energy absorbed or emitted by a system be 
included in the total energy, 
■astronomical photometry 
measurements 14:349c 
disease causation and symptoms S:353h 
• electromagnetic wave properties 6:644h 
•spectra emission principles I7:457d 

radiant heating, raising the temperature of a 
space by admission of infrared energy, usually 
supplied by panels mounted in the floor, 
walls, or ceiling, and heated electrically or by 
circulating steam, hot air, or hot water. The 
effectiveness of radiant heating does not de- 
pend on efficient circulation of air or direct 
contact with the heat source. 

■ building heating design 3:465f 
•central heating technology 8:71 8g 
•human comfort factors 8:71 lh 

Radiata, in former biological classifications, 
a major category of invertebrates including 
.forms having the parts arranged radially 
about an axis, 
echinoderm and coelenterate 
groupings 6: 1 78a 

radiation, either the process of emitting elec- 
tromagnetic energy (heat, light, gamma rays, 
X-rays, etc.), subatomic particles (electrons, 
neutrons, protons, alpha particles, etc.), or 
the energy or particles thus emitted. Certain 
farms of radiauon, particularly gamma rays, 
protons, and alpha particles, cause ionization 
in substances that they strike, and terms such 
as radiation chemistry, radiauon, biology, 
radiation pathology, and radiation physics re- 
' fer to the study of the effects of these ioniza- 
tions upon chemical substances, living matter, 
disease processes, and physical systems. 
;iir poiluiion and climatic effect 5:50b 

■ ;umospheric science principles 2:321c 
Brass's study of rays dual property 3: 102h 
eiassirieaiions and characteristics IS: 399b 

•eosmoiogical explanation of background 

levels 18:l008d 
'jiectro magnetic wave properties 6:644h 
; enenjy transport phenomena 18:676g 
t environmental levets and sources I4:756g 
giacier development variables 9: 1 76a 
lake iurface emission 10:607e 
-!uii4 damage cancer therapy 15: 776a 
Mercury .urnosphere. mass, and heat 

study 11 :•> t be aussim io 9 2 1 e 
• origin and universal presence 9:796h 
■quasar composition and energy I5:329e 
rubber vulcanization application 15; 1 lS2d 
seawater heal ilow 13:49 1 h 
stellar conditions and energy 
transport l7:59Su 

r radiation, biological effects of 15:378, the 
action of various forms of electromagnetic 
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bacteriophage lysis induction 7:987a 
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■gene mutation induction 7:983g 
-genetic changes and consequences in 

man 7: 1005c 
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industrial hazard prevention 16: 143c 
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•ionizing radiation as cause of 

leukemia 2:ll40f 
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noble sas reduction of radiation 
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•polycythemia treatment with 
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radiation, thermal, the process by which, en- 
ergy, in the form of electromagnetic radiation, 
is emitted by a heated surface in all directions 
and travels directly to its point of absorr-;;nn 
at the speed of light; thermal radiation dves 
not require an intervening medium to cu:r> it. 
The thermal radiation ranges in \vavc:u:^:h 
from the longest infrared rays through the u- 
ibie light spectrum to the shortest ultra*. 
rays. The intensity and distribution of mdtant 
energy within this range is governed the 
temperature of the emitting surface, n-.c 
radiant heat energy emitted by a sur E 
varies as the fourth power of its absolute tem- 
perature f (the Stefan-Boltzmann law 
The rate at which a body radiates w ab- 
sorbs) heat energy depends upon the na : . ::.-'_■ .n 
the surface as well. Objects that are y,x>c 
emitters are also good absorber uY 
KirchorTs radiation law). A blackened ^.rfacc 
is an excellent emitter as well as an -jxceile:-.: 
absorber. If the same surface is silver-:, 
becomes a poor emitter and a poor a>>..r:*er. 
A alack body \q.v t ) is one that absorb v -.. :::•: 
radiant energy that falls on it. Such a :v:".-ct 
absorber would also be a perfect emitter. 
The heating of the Earth by the Sun :s c.v 
umple of transfer of heat by radiation, re- 
heating of a room by an open-hearth :u v;\ace 
is another example. The flames, coaU. .v-i 
bricks radiate heat directly to the ohvet* 
the room with little of this heat be: '.v.: an- 



[$p» ocd^Hbe intervening air. Most of the air 
rlhat is Mpti from the room and heated In the 
[ fireplace does not re-enter the room in a cur- 
frent of convection [q.v.) but is carried up the 
fr chimney together with the products of com- 
bustion. 

■galactic nebula radio emission 7:332f 
•heat exchangers tor spacecraft use 3:708b 
;heat theory and principles 8:*03d 
'■human comfort factors 3:7Uh 
■infrared radiation properties 6:652b 
: solar radio emissions l5:46Sg 
• theoretical development 3:705a 

radiation absorbed dose: see rad. 

radiation belt, inner, part of a doughnut- 
shaped region surrounding the Earth at the 
geomagnetic equator that contains high-ener- 
gy protons and electrons that are "trapped" in 
the Earth's magnetic field. The existence of 
this zone of high intensity of charged particles, 
which was detected by the U.S. satellites Ex- 
k jjlorers 1 and 3 in 1958, has been studied ex- 
" tensiveiy by a group at the University of Iowa 
under the leadership of James A. Van .Al- 
len; The inner belt is one of the Van Allen 
radiation belts, the other being the outer. 
; " These zones of charged particles exist in a re- 
gion- beginning at an altitude of about 800 ki- 
lometres (500 miles) and extend out to about 
eight to ten Earth radii (the equatorial radius 
of the Earth is approximately 6,378 ki- 
lometres, or 3,963 miles). There appear to be 
two peaks in the density of the charged pani- 
cles, the first occurring at about 1.5 Earth 
radttout-frorh the Earth's centre and ; the sec- 
ond one occurring between three and four 
, Earth radii. These have come to be called the 
k inner and outer radiauon belts,. respectively. 
^ The inner belt appears :o be composed 
; primarily of protons, the source of which is 
; currently thought to be the neutron- compo- 
nent of a : process called neutron albedo. In 
this process, cosmic rays from outside the 
■ Earth's atmosphere strike the atmosphere and 
produce neutrons by a variety of nuclear colli- 
: sions.. A. certain fraction of these neutrons 
: then diffuses upward, out of the atmosphere, 
J. decaying, into protons, and electrons 1 : in : the 
g radiation belt. This process is generally ( be- 
K-lieved to contribute most or all of the, high- 
£*energy trapped protons in :he inner zone. 

gidiation belt, outer, pan of a doughnut- 
r'SjQaped region surrounding the Earth at the 
|. 'geomagnetic equator that contains high-ener- 
|;gy. protons and.electrons that are "trapped" in 
E *he Earth's magnetic field. 
, Jjfhe outer radiation belt extends from rough - 
Xwo Earth radii (the equatorial radius of the 
kfcarth is approximately 6,373 kilometres, or 
*3,963 miles) out to eight to ten Earth radii 
- from the Earth's centre and together with the 
*1&ner radiation belt (q.v.) comprises the Van 
Mien radiation belts, named for the U.S. 
Hjhysicist James A. Van Allen. The peak radia- 
ign. in tensity occurs at a distance of about 3.5 
jptrth radii. Early measurements (1958) from 
fjjitejjites indicated thai the outer belt was 
^mposed primarily of electrons; but later 
neasurements from Explorer 12 (1961) In- 
[fcated considerable abundance of protons, at 
SSt in the inner portions of the outer belt, 
f^s'umably, these protons are a continuation 
£a*he same population of protons comprising 
h^-inner belt. 

Jf he origin of :he trapped panicles in the out* 
5? belt is not yet completely understood, bu: 
feme form of solar control appears to be 
Ttecessary. One theory suggests that interac- 
tions between the solar wind tstream of gas 
Jiginating from the Sun by eruptions on :u 
tlrface and -mansion of the solar atmo- 
sphere) and the Earth's geomagnetic held uiti- 
Snately is the -.ource of the trapped particles. 
Either complex theories have also been pu: 
worth. Among the unanswered questions are 
problems concerning ;he relationships of the 
"Juter belt with nuroral displays and changes 
$Lthe structure of the outer belt that taicc 
ace during geomagnetic storms. 
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